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Introduction

Carbon capture and <«kapowas aBatCilbysi(onl spoonegep t1
invoclaptsmanmgde HoaxGQet (its source and storing i

the atmosphdde red@8 e btechmi tatmeod ntt o dtiihde@hOGa t mos pher e
continued usaet opfo wfeors spilla nftuse lasnd oAtheirntlagrgat ed nd
CCS systaml!| wadeel ndahitne st ep€Qat 1)t capsomreaagand sepa
from ot if &ju rgiafsyeisup g ,casnsdi ntgr ans portirng the captured
sequestrat iionn escit€i@n;m oatnhde bgsduprifoagcicc aForkawiswvgir s .
injection into aClOwbuldldfaece dr ¢ vebeomonitthoaed f o1
verify that it remains in the target geological
responsible party wouldCQamddenhesutekehtttile s0atvh
in perpetuity

The U. S. Department of Energy (DOE) has pursued
three main steps leading t dCommgrienstse ghraast eadp pCrCaSp s 1y
nearly S$mttall si mece F¥2@a8 chor d€€8S1 opment , and d
(RD&D) a3t OPO®Ece of Fossil Energy: mnearly $3.5 bi
(including FY2015) and $3.4 billion Prdéom the Ame

1 1-3; enacted February 17, Re@eDvelfgr dicngfter refe

The large and rapid isncfalluex OWAES fpurnodjiencgt sf ofrr oi mm dtuhset
was intended to accelerate devel opment and demor
Recovery Act funding also was KkDkgbplisntaendad]lta
in the &eRaOrlItOCeRBtED d Malpn part, the roadmap was it
path for rapid technological development of CCS
fossil fuels des piotnes .p)o tHeonwteivaelr ,c atrhbeo nf urteusrter idcetpil
take a different course 1f the major components
DOB FutureGen project. FutureGen had experience
design sipnpaeint@200D8¢epnd on February 3, 2015, D(
suspending the project. ( F'Fru t mo—+eAl Sdpeetcaifalls ,C asseee? s

andess onButfarGemA Similar Path for ")t her Demonstr a

This report aims to provide lau dinmg sihtost coufr rtehnet DIfC
levels, together with? s oameh ideivsecmesnstiso ma nodf ptrhoes ppercc
meeting i1its stated goals. Ot her CRS reports pr o\
policy asfpects of CCS.

1U.S. Department of Energy, National Energy Technology LaboraBamgon Sequesttin Program: Technology
Program Plan Enhancing the Success of Carbon Capture and Storage Technologies, February 2011, p. 10,
http://www.netl.doggovitechnologiesfarbon_segéfshelf2011_Sequestration_Program_Plan.pdf

2U.S. Department of Energy annual budget justifications, FY2010 through FY2015.

3U.S. Department of Energy, National Energy Technology Labordb)/NETL Carbon Dioxide Capte and
Storage RD&D Roadmaecember 2010. Hereinafter referred to as the DOE 2@¥® RoadmafSee
http://www.netl.doe.goWile%20LibraryResarchlCarbon%20Se&eference%20She@/CSRoadmap.pdf

4 See, for exampleCRS Report R4253Zarbon Capture and Sequestration (CCS): A Prin@RS Report R41325,
Carbon Capture: A Technology Assessment
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5 For a fuller discussion of the proposed rule and EPA standards for greenhouse gas (GHG) emissions from power
plants, se€RS Report R4312°EPA Standards for Greenhouse Gas Emissions from New Power, PipdEmes E.
McCarthy

6 President Obama directed EPA teprepose the standards for new power plants. The standardéinsigpeoposed in
2012. The reproposed standards were published inRlederal RegisterJanuary 8, 2014, at Federal Registet430;
the guidelines for existing plants were published inRbderal RegisterJune 18, 2014, at Federal RegisteB4830.

7 A broader and more detailed discussion of the EPA proposals and possible options for Congress can b@R&und in
Report R41212EPA Regulation of Greenhouse Gases: Congressional Respand Optiondy James E. McCarthy

8 The proposal and background information is availablégtpt//www2.epa.gowarbonrpollution-standard2013
proposeecarbonpollution-standarenew-powerplants

9 Ibid.
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effective carbon manageémegnota ltsh afto rwirleld uncei entg of ugrr el
emis % ons .

Existing Power Plants

One analysis concludedpt bposindpeowebrd apflearnotvse ri sE PlAa
s ymbol i c raenadl tshiagtniiftiscance 1s that without the p
EPA could not pxospeoéwdkegt oplraengul autned!Thet heoffbsad A
guidelines for existing plants wooul df oeusrt afbalcitsohr sc
improved efdffiilcgieadn pyl amtt sgoaslubstitution of natura
d pewméissionar @eneration from renewalkl es an
ehbygungh CCS was imatl usdpeac iafsi @aalf actor, or a
above, the rule would not preclude CSS as
eir emissions target

Implications for CCS Research, Devel opment,

Gi ven tnhge EpPeAAn diul e, congressional interest 1in th
source also appears to be linked to the future c
the proposed rule for new plants wonuelwd -csopaulr de v e

fired power plants or have the opposite effect

retirement-§i odd UcBSpaciotay; however, virtually all/|l
continue to play a subomadftralderalde sin Holwe anamiyc i
will take place and what role EPA regu®fations wi
Part of the argument over the proposed rule for

best system ofiemi §BSBR) feducoal “pdaquast @alnxd whe
demons"asatredquired under -phep€C@bednrAie, AEPA tntests
“existence and appafesm¢evomazbiaoaggeoindpPi CCSyde monst
examphast justify a separatfi ded eplmd mtag i @amd oif n tBSd
gasificaticgeleombiamed . (The secohdr BSERodet er mi 1
plafERA)noted that these projects had reached ad
devel owlmé ch, suggests that p r o pfoisriendg wuan istesp airsat e ¢
appropriate.

‘Z1 Se7>Se1 Sl ¢e7>—S'Y78

e i eases 1n the U.S. domestic s
ateanhiofiahnsebhanle gas reservoirs th

10DOE 2010CCS Roadmayp. 3.

11 See, for exampléCRS Report R4312°EPA Standards for Greenhouse Gas Eiissfrom New Power Plantby
James E. McCarthy

2 bid.

BFor a detailed discuss i onCRSReporthR419IEPPA’ 'ss tReegguulldeitedi oonn ooff cCooaall
Power:lsa“ Tr ai n Wr e ¢by Jame&s &EnMc@aphy and Claudia Copeland

14The projects cited in the@roposed rule are the Southern Company Kemper County Energy Facility, the SaskPower
Boundary Dam CCS project, the Summit Power Texas Clean Energy Project, and the Hydrogen Energy California
Project. The Boundary Dam projectasCanadian venture; the other three projects are in the United States and are
receiving funding from DOE.
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Fut ure&efipecial Case?

On February 27%Geo2@BRBsW Ppreopyadeaadi &1 fkindojlvenc ta s

Fut urteoGebnui-fdr edcopelwwouipnltaengr attheatcar bon sequestr:
hydrogen apt2dadu anteigama ¢ t,t ye npoluagnt t o power about 15
Uu. S. homes. As ,06thigipin ahnaltvyewobuetgdaesi avfecdoat i on facil i

would have produced minldh s @my 2 el si toeiradn ntweatd weye. n Oln

January 30, 2008, DOEsanfiocohackFdtgaehaGentpwagr am a
a s ingdHe haerlttt ati e g ’loafb oirnatteogrryat e d—R &Di t gt b npll gt e s
pursmetaemdw strategy of multipl Blecommerceéesntirdemu
programmnnbOQBc wdudldasupport up to two ot three d
least 300 megawatts tnhialtl iwvooi@pde nssédqeufers.t er at 1 e a s

15 For a detailed discussion of how natural gas is affecting electric power generatiGRS&eport R42814atural
Gas in the U.S. Economy: Opportunities for Gromtly Robert Pirog and Michael Ratner

16 The other three are feasibility, cost, and size of emission reductions.

17 See for example, the November 15, 2013, lett&Ré Administrator Gina McCarthy from Representative Fred
Upton, chair of the House Committee on Energy and Commigitpe//www.eenews.netssets201311/22/
document_daily_8.pdf, and the December 19, 2013, letter to Administrator McCarthy from Representative Lamar
Smith, chair of the House Committee on Science, Space, and Techrdtpgyscience.house.geites/
republicans.science.house.dgdes/documentd/etters121913 _mccarthy.pdf

18 Seehttp://www.fossil.energy.gowewstechlines200808003DOE_Announces_Restructured_FutureG.html

19 For more information on FutureGen, $<@8S Report R43028he FutureGen Carbon Cawe and Sequestration
Project: A Brief History and Issues for Congrebg Peter Folger.
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built id]lMamtttilsensitle selected byYFuhehEntubOBen A
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proflect
On August 5, 2010, Secretary Chu announced the §
the FutureGen Alliance, Ameren Energy Resources,
& Constryctticobmuil d@Futtwre@em 2.0 .di ffered from t
for the plant becausse eixti satiicmegd ptoowerre tprloafnitt iAmmeMee
withcomlustion technol efgiyr eathr aismh2 (2 da rheagavybaus tl alo & |
of haer t plant in Mattoon.
On February 3, 2015, DOE announced i®TWwes cancel
most pressing rsasans pfears itome iprdgpreasBSept ember 30
spending the Regoawrd yt Aetl fkadi hood that the Fut
able to commit the funds by that dat’s, abhlchy ir
to secusecporvAueerding to make up thakctrest of the
funding was exhausted. The FutureGen Alliance ha
nearly $1 billion in Recovery Act funding appror
also may have pdadedi aiowmle in DOE

LessonsFufkreoGe nA Similar Path for Other De mon:c
Foll owing the announcement that DOE was suspendi
Congress is whether FutureGen represented a unic
expensivealdydchathenging endeavor. Another is v
ultimately stopped Fut ur efGiennd eadl sCoC Sa pdpelnyo ntsot roatthi eor
once they move past the planning stageer yDOE ¢ omr
Act funding to large demonstration projects (apr
demise of FutureGen). One rationale for committ:i
scale up and quicken the pace of CCS RD&D.

20 BeforeDOE first announcedt would restructue the progranin 2008 the FutureGen Alliancannounced on
December 18, 2007, that it had selected Mattoon, ILhasost site from a set of four finalisthe four were Mattoon,
IL; Tuscola, IL; Heart of Brazos (near Jewett, TX); and Odessa, TX.

21 See DOE announcement on June 12, 2b8p;//www.fossil.energy.gowewstechlines200909037
DOE_Announces_FutureGen_Agreement.html

22 See DOE Techlingnttp://www.netl.doe.goypublicationspress201010033

Secretary_Chu_Announces_FutureGen_.html

23 Ameren had planned to replace thefivéd boiler with a coafired boiler using oxycombustion technology to allow

carbon capture. Sewtp://www.futuregenalliance.onpdf/FutureGen%20FAEBeneral%20042711.pdf

2 AsreportedinManuel Qunones, “Lawmakers Likely to Scrutinize DOE
Environment & Energy DailyFebruary 4, 2015 ttp://www.eenews.netédailystories1 060012838éearchReyword=

futuregen

®See, for example, Thomas Overt BowerFebDayR 2816,1 1 s The Pl ug
http://www.powermag.cordbepulls-the-plug-on-futuregen/
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Legislation

Al t hough DOE has pursued aspects of CCS RD&D
(P. L.-5% O0p9r o v tydeeadr aa ultOh oer itzwaastii co nf rfaome wchr k o f CCS

26E, S. Rubin{The Government Role in Technology Innovation: Lessons for the Climate Change Policy Agenda,
Institute of Transportation Studies,"Biennial Conference on Transportation Energy and Environmental Policy,
University of Californa, Davis, CA (August 2005).

27 National Aeronautics and Space Administratiddefinition of Technology Readiness Levélat
http://esto.nasa.gdiles/TRL_definitions.pdf

28 For a more thorough discussion of different schemes describing stages of technology development, see chapter 4 of
CRS Report R4132%arbon Capture: A Technology AssessmentPeter Figer.

29E. S. Rubin{The Government Role in Technology Innovation: Lessons for the Climate Change Policy Agenda,
Institute of Transportation Studies,"Biennial Conference on Transportation Energy and Environmental Policy,
University of CaliforniaDavis, CA (August 2005).

30 Another possible source of uncertainty for large industrial CCS projects is cost recovery during the operating phase
of the plant after the construction phase andcreasei ti al
operating efficiency, but it is unclear by how much and over what time span. For more discussion on cost trajectories
and expected efficiency gains, SeBS Report R4132%;arbonCapture: A Technology Assessmdyt Peter Folger
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echnology devel opment levels irrespect
tion of teéireg Fadtduyaes(eenc tpsr oojfe cctoncept ual
mmer ci atalpl oftiensesnetso mpfo t he scheme FHwhtied a
ant the project was intended to march through
ve noted, however, the stages of technological
doing and learning by using, once the project
demonstra®Pibe tamsdk defpltoayankelnitng all t he
opment —tfimheoarci gremb ghtt hn o Gienbt i enng tamad ,d a n
ion to other f adst oerrsr,a tciocn tprriobgurteesds tsoi ntchee
whet her tshcea Iree ndaei mmoi nnsgt rlaatrigoen pr oj ects funde
Power Initiativpa(kKC®I)FRobundGénfotloawht hee
0
e
d
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devel opme3Tthea tEnDeOEgy Independence Pnd .-SelcluOrity A
1 40 amended the Ener geyl wPdoel,i caymoArcg ootfh €210 OpSr o wi siino 1
for sewemllearCLS demonstration projects (in addi:
the carbon capture, trardplastgaticon,ecmomdtsaduiont
and thdialdl pdtgemntficance are discussed below.) It
EISA, the focus and funding within -stchael «€€CS RD&D
capture technology devel opment through these anc
I n aodndittoi t he annual appr oprtihact iRoencsoPvpelroyd) ihdeld (f or
has beos ttlsalgengifsilcaatniton t hat p rCoCnbo tReDs& Da npdr osgur papno r
activities since passage of EISA. As discussed b
Act was enxtpamdedntdoaccelerate the commercial de;j
allow forscomemedemahs twr amidom et m ofoatth edle power plc
facilities by 2020.

11'8Congress

On February 26, 2015, SenafBor,6 Othheei tAkdavimapn caendd Kl aei ar
Technolwotgmedmvien Our Nation Act of 2f0ilrSe,d which w
utilities by a combination of Il oan guarantees, t
its coal program, among other thinegd .bylhSe nbaitlor c
Heitkamp 'CToangBes AJdF X cussed below).

11'3Congress

More than a dozen bitodhgrens rodukbkddhanethdddds8sed
rules and guidelines for reducidfgr@dGpomiegs ipdmxn
H. R. ,38Ré Electricity Security andsAEPArdaebil it

meet before the agency could 1issue GHG emission
Act. The bill would have, in part, prohibited EI
emissions stdmddeds ppoerfipdants powet pltabhes r1er
the operating characteristics of electric gener e
States had demonstrated compliance with proposec
mont hs on basomme Comph Hi on] 9lBedgsi srleafteiraone,d t o t he
Committee on Environment and Public Works.
Several bills ‘'i'Crotnrgordeuscse dwoiunl dt hhea vimlc3Ggmo vvé e d f Dede
accelerating the RD®D Wbi@RdS haFWer iaxamplse,d DOE
and devel opment, allowed for 1 oadne dg manr ai mtveeesst nteon
tax credit for certain CCS facilities, and creat
Two related bills would have 8Seadb&@iwidt hatvex cr e d
revised part of the tax code that allows a tax c
broaden the loan guarantee H92DdDdDammdfbaveE€C8 men do d
the tax code to expidndWwbh@ dt haeveredittadblfiehedCs.
administer in establdchlieopg@@Rcltcavotvelr0 1dommanr i a
bills introfwangdeiss twhal dl hraelea tteodi cihsesdu wsn. CCS

31p.L. 10958, Title IX, Subtitle F, §963; 42 U.S.C. 16293.
32p L. 110140 Title VII, Subtitles A and B.
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CCS Res ealxecvle] apudemidten, s t rat i on:
Over@olall s

The U.S. Department of Energy stFosssltEderglhei mi
ensure the axadiclaanh g netagmo § s ubtsast abamadsatniteg d mewr
from coal to fuel economic prosperity, strengthe
qual®Otveer t he past OsEe vFeorsasli 1y eEanresr,g yt hRee sl ar ch and

Program has increasingly shifted activities perf
emphasizing CCS*»Tahse tChoea ImaPirno gfroacnu sr.e presented bet
total Fossil EnergmntReppaophiandobDs vél ommEY2012
indicating that CCS has come t o dsonviineaw et hcaota 1 R ¢

there i1is a growing consensus that steps must be
emissions fr oung heonuetr gtyh eu swo rtlhdr ocat a pace consiste
concent CHtioamd ®©hat CCS is a promisi”™BEheoeption fo
FY2016 Psr ebsuiddgeentt r equest, however, would reduce
Progrmpmrceod with the previous two fiscal years.

would represent 66% of the total Fossil Energy F
DOE acknowledges that the cost of deploying currt
and thaeffecbive as a technology for mitigating
costs for CCS must be reduced. For example, 1n 2
availableofif8spoen technology o iaestu ppadmmenrti t i cal
would increase the Tbet cbhilé¢kbagerpdirgdbygid@%t he
technology is difficult to quantify. The Boundar
scaldiacaeadl power plant equiopperda twiingh fCoCrS,1 ecasnsd tilta
Nor 1is 1t easy -ctoos tpr@@S ctte cwhhneonl ol goywewi 1 1 be avail
deployment in the United St@thes UnlNd edr Shaltess  cal
longer afford thd olhugxaudr yt iomfe sc ofnowe MREDikobnsatlo hbear r
coal RD&D program is focused on achieving result
technology portfolio-stcamalbee dreemaochy tbrya t2 020 for | ar
The following sectemtns doefs ctrhieb eGCS bacctoiavhiptRneI wi t
program and their funding history since FY2012.
during that time DOE obligated Recovery Act f und
the CCS Ri&dD. pbDhitsf owas expected to accelerate the
industry for deployndmt aaluddtdommeoonicealiemat nhom.yg :
CCPI program that received funding isheRound 2, 7
Kemper County—&Eheo giys Fdici dugyed. Lastly, the Bou

33 DOE 2010CCS Roadmap. 2.

%The Coal Program contains CCS RD&D activities and is with
Research and Development, as listed in DOE leetdiudget justifications for each fiscal year.

35U.S. Department of Energy, FY201BY2014, and FY201&ongressional Budget Request
36 DOE 2010CCS Roadmap. 3.
37 DOE 2010CCS Roadmap. 3.
38 DOE 2010CCS Roadmap. 3.
39 DOE 2010CCS Roadmap. 2.
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descbrbedly, although it is a Canadian venture,
currently opesatidgoeammower a phleca nwo rwlid.h CCS i n f

Program Areas
The 201 @CCED&b démapibed 10 different’sp€ogltam are

Program within the Office of Fossil Energy: (1)
Advanced Integrated Gasi fli3datAidom n€Cemdb  Tmedbi @esl e |
Sequestration; (5) Solid State Energy Conversior
(8) CCPI; (9) FutureGen; and (10) Industrial Car
Coal Program Areas

DOE changegr ammes pructure for coal after FY2010,
areas. The program areas are divided into two ma
and (2) CSS andDERHwews Stys¢ eansr r ent program struc
which programs received Recovery Act funding. I n

that the CCS and Pemer Systems R&D progr

supports secure, affordable, and environmentally acceptableemaemissions fossil energy
technologies through research, development, and demonstration (RD&D) to improve the
performance of advanced CCS technologtes.

ome progr amsusaerde odn roencet loyr fmmocr e of the three st
ransportation, and storage. For example, the ca
ombus t-d oambu ptriecon, and natural gas capture. The
egiona¢qeuagsboat son partnerships, geological sto

er manent | yC Guenqgdueersgtreoruinndgu t lumr ecGeemt rfarsotm t he out s et
nvisioned as combi-amhgsadbdbh fhseel s fuereb !ipphsame r oh
missions and sequester them in a geologic reser

o 0T =N 0o~ W

Table 1. Funding for DOE Fossil Energy Research, Development, and Demonstration
Program Areas

(funding in nominal dollars [thousands], FY26¥2016, including Recovefyt)

Fossil Energy

Research and

Development

Coal Program Recovery FY2016
Areas Program Act FY2012 FY2013 FY2014 FY2015 Request
CCs FutureGen 2.0 & 1,000,000 0 0 0 0 0
Demonstrations

Clean Coal 800,000 0 0 0 0 0

Power Initiative

(CcPl)

Industrial 1,520,000 0 0 0 0 0

Carbon Capture
and Storage
Projects (ICCS)

40DOE 2010CCS Roadmayp. 11

41U.S. Department of Energy, FY20Congressional Budget Request, volumé&®@ssil Energy Research and
Developmentp. 569.
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Fossil Energy
Research and
Development

Coal Program Recovery FY2016
Areas Program Act FY2012 FY2013 FY2014 FY2015 Request
Site 80,000 0 0 0 0 0
Characterization,
Training,
Program
Direction
Carbon Carbon Capture 3 66,986 63,725 92,000 88,000 116,631

Capture and
Storage, and
Power Systems

Carbon Storage 3 112,208 106,745 108,766 100,000 108,768
Advanced Energy 3 97,169 92,438 99,500 103,000 39,385
Systems

Cross Cutting 3 47,946 45,618 41,925 49,000 51,242
Research

Supercritical 3 0 0 0 10,000 19,300
CO2 Technology

NETL Coal 3 35,011 33,338 50,011 50,000 34,031

Research and
Development

Subtotal Coal 3,400,000 359,320 341,864 392,202 400,000 369,357
Other Fossil Natural Gas 3 14,991 13,865 20,600 25,121 44,000
Energy R&D Technologies
Unconventional 3 4,997 4,621 15,000 4,500 0
Fossil
Program 3 119,929 114,201 120,000 119,000 114,202
Direction
Plant & Capital 3 16,794 15,982 16,032 15,782 18,044
Env. Restoration 3 7,897 7,515 5,897 5,897 8,197
Supercomputer 3 0 0 0 0 5,500
Special 3 700 667 700 700 700
Recruitment
Subtotal Other 3 165,308 156,851 178,229 171,000 190,643
Fossil R&D
Total Fossil 3,400,000 524,628 498,715 570,431 571,000 560,000
Energy R&D

Sources: U.S. Department of Energy, FY2016. Congressional Budget Request, voleossiBEnergy Research
and Developmeihittp://energy.gositesprod/files201502f19FY2016BudgetVolume3_7.pAfther sources
include the U.S. DOE Congressional Budget Requests for FY2015, FY20 Y, 240148.

Note s: FY2012FY2015 numbers denote enacted funding except for FY2013, which denotes the FY2013
continuing resolution annualized to a full year pek. 112175 NETL = National Energy Technology Laboratory.
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a. On February 3, 2015, DOE announced that it was canceling the FutureGen program. Statement by DOE
spokesman Bill Gibbons, reported by Manuel Quinones, in Environment & Energy Daily, February 4, 2015,
http://www.eenews.netledailystories/L060012838earchReyword=futuregen

Within the CCS Demonstrations Program Area, RD&T
set or s . The Clean Coal Power Initiative (CCPI) p
to new coal technologies that helped power plant
CCS became the focus of coalreRRD&D,n gt GHGCERL spr og
ting plant e f(fQ%line woine sr aastd oahpet UrCiCrSg progr a
rbon captur e tpeocvhenro Ipolgayn tf 8iBnodtuhsettrhieanle spercotgorra.m a
us demotnh ¢ ompode RD&PD, and account for $2.3 bi
r

=]
=]
©n

sults in part from a dearth of information ab
ptercdgnyolaot t he % dmestcoatl datad eare emerging, h
mper County Energy Facility is close to comple
operating (both discussed below).

b

ca

foc

appropriated for CCS RD&D in the Recovery Act 1in
the Recovery Act funding shifted the emphasis of
pr oj ectosn fcoarp tcuarreb. The CCPI and ICCS program are
bel ow

This shift in emphasis to the demonstration phas
and appears to heed recommendatioas fndmsmangl e x
scale carbon capt u¥fRr idmamwoinlsyt,r atstli eolne aplCl® § feocrt sl.ar ge
demonstration projects that CQpptrurye alr mielflliect sme
need to reduce the additional costs to the power
capt urGGbge ftohree it 1is emitted to the atmosphere.
costliest componentsPThechbrgharg ¢ot mmatedxpests t
power plants with CCS compared with plants withc
re C
ca

Ke

is

Ot her Fossil Research and Devel opment

The Adtmi atti on requests approximately $191 millio
fossil energy R&D and support activities. The 1 a
requested), which provides foreDOEahdadguartaet o1
support of the overall fossil ener gyr eRl&D epdr o gr ar
activities directl-hyangdsindctewvity.iThaasacahdga

42U.S. Department of Energy, FY2BCongressional Budget Request, volumé&gssil Energy Researand
Developmentp. 551.

43 DOE 2010CCS Roadmamp. 12.

44 See, for example, the presentations gibgfedward Rubirof Carnegie Mellon University, Howard Herzog of the

Massachusetts Institute of Technology, and Jeff Phillips of the Electric Power Rdsattate,at the CRS seminar

Capturing Carbon for Climate Cont r,NdvembeliB8a2009.{Presentationse T ool b o
availableto congressional clienfsom Peter Folgeupon request Rubin stated that at least 10 fatlale deranstration

projects would be needed to establish the reliability and true cost of CCS in power plant applications. Herzog also

called for at least 10 demonstration plants worldwide that capture and sequester a million metric torpeofy€a.

In his pesentation, Phillips stated that largale demonstrations are critical to building confidence among power plant

owners.

45 For example, an MIT report estimated that the costs of capture could be 80% or more of the total C&$hoosts.
Deutsch et al.TheFuture of Coal Massachusetts Institute of Technology, An Interdisciplinary MIT Study, 2007,
Executive Summary, p. Xi.

46 The Future of Coalp. 97.
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million), which s uphp arot sf osaalelra baarfact iawmed rpersuedacrnct
gas resources, the reduction of methane emissior
gas hy'dhet es her a chDiEWQiHtpileasn tl iasntde dc aipni t al, enviro
and supercomputer, total approfimately $33 milli
Evolution of Costs
In comparative studies of teshnebkotgmes egsstioh a¢l
plant scrubbers that remove sulfur andanndi trogen
N &) , some experts mnote that the farther away a t
uncertain is Aitt ¢ hes biemd naad ngootf. t he RD&D proces:
be low, but could typically increase through the
successful deploymedgtIXdhHdo wso mmeac s tald wtait maotne cur
Figure 1.Typical Trend in Cost Estimates for a New Technology As It Develops
from a Research Conceptto Commercial Maturity

Source: Adapted from6 'D O W R@Qapfude?at Coal Fired Power Plaftis6 WDW XV DQ@"2XWORRN u
International Conference on Greenhouse Gas Control Technologies, Washington, DC, Novemk20, 2608.
Depl oying -sccoaninee me@GSmtldeat am pmepjhascti s within the I
RD&D pr-eworualmd t herefore provide cost estimates ¢
than 1 acdbrorpaitlsactta 1 ¢ pr oj e ¢t sa.n dl nNOtxh es ccrausbeb eafs ,S Q@ f f
ypical ldye ctaodoeks towro more to bring mmenwd cNOmcepts (s
capture systems) toLIXUkHhdommessfatontawgeecAnol og
to fall over time with success ful depl oyment ang
expect a simiclgprt urrenrdsfior i€Othe ted@hnologies b

47U.S. Department of Energy, FY2016. Congressional Budget Request, volume 3, 616603

48 Apart from Recovery Act funding, annual appropriations for the Office of Fossil Energy at DOE are provided in the
Energy and Water Development appropriations bill. For more informatioGR8eReport R4356 Energy and Water
Development: FY2015 Appropriatigroordinated by Mark Halt

49 For a fuller discussion of the relationship between costs of developing technologies analogous to CCS, such as SO
and NOx scrubbers, s&RS ReporR41325,Carbon Capture: A Technology AssessmentPeter Folger
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rst UScSal efF ulrloj e ¢ tCo ulhhtey KEenmepregry Fa ci |

awarded Southern Company Services a cooperat
gram, prior to enactment of the Recovery Act
hnol ogy at the Kemper Cwmthy)y Mimnesigys FppiliTle
lion award was aimed to provide direct finan
a n

gasificatio technology cd¥%®ed Transport I

C
n
The Kemper County Projeohnh c¢ombheePploavgffa tpdd ngas i f
i e owned and operated by Mississippi [
d which will wuse lignite as a fuel so
tput capabilidytefcd@B2umeChwhHhto s ,t hac
e 1 e®Ascecdo rfdrionng tthoe DpOlEa,@ ®tehmii ss s wwwmnlsd fmaokme
mper Project e dmpadr acabolmd itnee da cmyactl er aplo wgas p
mit hdss pethahmegheoaintilt0) Oa sporuequired by
le. The €Qcaptatreedd 3e anci H [y eoanr tfornesm otfh e

via newly constructed pipeline for v
ds in Mississippi

@
S
8
S
fev)
‘BB
<
o
= o B o

e o~

operation of the Kemper County Projec
or*Abegnading 2618€. Mississippi Power tin
operation °Whlglr obeegitn asl sme thiame ciom t2 (f la¢
stimate. The $270 million award under
ely 10% of what DOE had reported as tl
e

1

[ I
O = ===

[

1H o $Z .v @ 7r,iblii 21 0iAlg3n .t he company announce
b e oser to $3.4 billion, approximately ¢
llna netaar 1y April 2014, Mississippi Power rele
oend uslceh t o begin operations in the last quart
luding t@@pilpgeghinte, miae purch

ject, had risen fbnabpt Amn
ified its cost and sche 1
struction issues and $1

ogT g Tg®M®OoOO0O0 N ATT 0T
oo "B TOoOTT O OO0
Bae0 60 ®noasETT T3 BE T ®OO0O0

w o o

x
ul e
5 -m

o

50 DOE, National Energy Technology Laboratory, CCS Demonstrations, CCPI Initiatipg/netl.doe.govésearch/
projk=FC2606NT42391

51 For more information on IGCC power plants and CCS GRS Report R4132%;arbon Capture: A Tectology
Assessmenby Peter Folger

52DOE, National Energy Technology Laboratory, CCS Demonstrations, CCPI Initiatipe/netl.doe.govesearch/
projk=FC2606NT42391

53 MIT CarbonCapture and Sequestration Technologies, CCS Project Dat&easpger County IGCC Fact Sheet:
Carbon Capture and Storage Projebttp://sequestration.mit.edablsprojectskemperhtml.

54 See Mississippi Power, Kemper County IGCC Project, FRaatfect Timelinehttp://www.mississippipower.com/
aboutenergyplantskempercountyenergyfacility/facts Site accessed March 19, 2015.

55 DOE Office of Fossil Energy, CCPI Round 2 Selectidrigp://energy.gové/ccpiround2-selections

%Tamar Haller man, “Mi s s . Power to Abs oGHGReldcloO M in Cost I nc:
Technologies MonitorApril 26, 2013 http://ghgrews.comhdex.cfmmisspowerto-absorb540min-costincreases
from-kempetplant/ Other reports cite the total costs for the plant.

57 See Mississippi Power, Kemper County IGCC Project, Monthly Status Report Through February 2014,
http://www.eenews.netssets201404/03/document_cw_01.pdf

58 See Mississippi Power, Kemper County IGCC Project, Monthly Status Report Through March 2014,
http://www.eenews.netsset201404/30/document_cw_01.pdf
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According to somestepbrthe phaeanovemnygl how exceed
complete and ready *famrd c chmmesrcchiemndlulfeep efaonrh esrotani,ra tl
operations has ®%een pushed to 2016.

It is likely that the plant wilAl patotponasetd rmd ee @ s
CQemi ssions, and 1ts cost and schedule overruns
benefits due HAs)CIXXUHhewhnodogtys for technologies
projects in the demonstration phase of devel opme
the cost curve will l ook 11ke, namel yi s haw fast
open question and will 1likely depend on if and I
and existing power plants.

CanasdaBoundary Dam Projkictst TEBemdonrd ida

Scale CCS Project

The Boundary Dam Projeat Campadnatme d elmyt uSas k Rawe n,
commeschdbk power plant with CCS operating 1in the
schedule data may be helpful to those trying to
for ot hers caolnfSfnefrcajacdct s . The cost for the projec
according to one source, of which $800 million v
remaining $500 million was forfieetdofetternginke
The project also received $240 million from the
started operating i-yne aOrc tcodbmesrt 2Wcltdi, o m faned rae tfroafri
generating unit. The finalopbwijldta w0 smaddwat t
plant, but that plant may hasecatespraj emttclwass
discontinued becau®%e of the escalating costs.
Like the Kemper Plant discussed ambovegdh Benondary
oil recovery, s hippovid g -1hi0l%elofi gehlei tapttawrtelde CWe y b
Unusexdvi€C® be stored in a deep saline- aquifer ab
operating 110 megawatt (net) plofigeCtPlypamasr .t o capt
®Daniel Cusack, “Kemper Plant Reaches Ke€@lim&iaWirefication Mil.
March 13, 2015http://www.eenews.natlimatewirestories1 06001497 AearchReyword=kemper

OMi s sissippi Power, Ke mp e rPrdectTimelinehttp:fweve. mississippipower.dom/y , “Fact s,
aboutenergyplantskempercounty-energyfacility/facts as of April 4, 2015.

6lSe e, for example, Mar k Dr aj e m, SMows Rs s kppf’” EPKefiipebo@o &L

Bloomberg News, SunHerald.cp8eptember 19, 201Bitp://www.sunherald.cor801309/19/496436 Tkemper
countycoakplantoverruns.html

62MIT Carbon Capture & Sequestration Technologies, CCS Project Dat&maselary Dam Fact Sheet: Carbon
Capture and Storage Projedittp://sequestration.mit.edablsprojectsboundary_dam.htmlA SaskPower fact sheet
describes it as a $1.4 billion partnership between the government of Canada and Sabkipovsaskpowerccs.com/
ccsprojectsboundarydamcarboncaptureproject7913%20CSS%20Factshdgdundary%20Darmewtense. pdf

63 MIT Carbon Capture & Sequestration Technologies, CCS Project Dat&wasejary Dam FacBheet: Carbon
Capture and Storage Project
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Recovery Act Funding for CCS

f or Success?

The bR¢ &Koo dfruynfdesrt (C8C3S. 32 billion, or 98%) was dir
suwbrogonamanized under the CEheD&lhemant Cotail o P WRro
Initiative (CCPIl), Industrial ,Camhbo vOD&dpPtiGrea 4 n
) . UnderCCtSheRoz W @ hwi ltlar ge infushenRedovamdi Agt
DOB goal is to develop the -stceaclhen od eongaresst rtaot iad n oi
new and retrofitted power plants Stnrda tiengdius tRI/ianl
ets pemorfaetcbtiamgedt | eastcaflievdC CSonmmenomisalr at i on
line ®by 2016

7]
=]

could be argueRed hwadafr winnddcDitgs wa k1 heetdiag ohe

c omme n dsaotmmeomBwhoaf i dent i f+5 ed ] enosdtermaotciioanl pr oj e c t s
e most 1important component, the 1lynchpin, for
e United States. I't could also be argued that
ese three programg. sActovdi pgby,iGEkkle BB€EG6hhpwihwt
d FutureGen progr ams, and a brief discussion
allenges.

O A+ =+ R~ O
B 55 o0

CCS Demonstrations: Clean Coal Power |
Carbon Capture and Storage

Clean CoaliRowerer Init

Th€l ean Coal Pwawe ra nl nointgioaitnigvepr ogram prior to t hc
increatslhee fReomo v efruyn dientvs Hdhinsg used ttohiesxpand act
progr am a rReoau nfdor3d GCPylond de ve lcoep isnugl ftuerc,h nnoil torgoi geesr
mercury pollutaffAftfromnphbeenRapd wBOE. Acd not

request addi CCCPulnad e rf vintdsi nFgo sfsoirl Ener gy program i
procéBEGH ows zefror dRN2@®IF s Rat her, i1imbudget FY2010
justification, DOE tsheotodecChPRibumdndi wgufdrbethsup
thr avthggh Recpopvaeng HXPOE wiekhlmake dramatic progres :

64U.S. Department of Energ$trategic PlanMay 2011, p. 18http://energy.gositesprodfiles/

2011 _DOE_Strategic_Plan_.pdf

65 See, for example, the presentations gibgfcdward Rubirof Carnegie Mellon University, Howard Herzog of the

Massachusetts Institute of Technology, and Jeff Phillips of the Electric Power Research lasthiet€RS seminar

Capturing Carbon for Climat€ o n ¢t r ol :  What s i n t heNovEmber/l®, 2009. (Rreséntaliohse t ~ s Mi s s
availableto congressional clienfsom Peter Folgeupon reques)t Rubin stated that at least 10 fattale demonstration

projects would be needed to establish the véiig and true cost of CCS in power plant applications. Herzog also

called for at least 10 demonstration plants worldwide that capture and sequester a million metric torpeofy€a.

In his presentation, Phillips stated that lasgale demonstratisnare critical to building confidence among power plant

owners.

66 DOE had solicited and awarded funding for CCPI projects in two previous rounds of funding: CCPI Round 1 and
Round 2. The Recovery Act funds were to be allocated in CCPI Round 3, focugingjemts that utilize CCS
technology and/or the beneficial reuse of2Ckbr more details, sdgtp://www.fossil.energy.goptograms/
powersystemsleancoal/
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CCS att commerc1a1 scale using these funds withou
demonst281% o in
According ©OBCGSh eR 02aRnOaopD e fr iy nhdasv te u'ls e altn hfeosre
demonstrati“ohl pwojec¢tasr ¢ lbper s -sbaalaed eer x pfCeCrSi ecmaneme br y©
expanding the range of technologies, applicatior
t e s PQAE selected sCiCxPRIpuwdedtshmadgh t Wo separate
The total DOE share ofl Sfiunldiionmg fworu Itdh eh asviex bpereon ef
Al ab,fmdi fornia, NamWhs Da YirDgpHidave @ s 1 , the projec
Al abama, North Dakota, and West Virginia withdre
share for thepromppt e $lmabh3deke¢e yon (of a total of ¢
for total expected costs). With ths whahdreftWwal o
the total pr ogroavn@lfe otsot sa psphris8éxnikmaftreolny 1
Table 2. DOE CCPI Demonstration Round 3 Projects
Metric Tons
of CO2
DOE Share Total Project Captured

Round 3 of Funding Cost Percent Annually Project

Project Location ($ millions) ($ millions) DOE Share (millions) Status

Texas Clean Penwell TX 450 1,727 26% 2.2 Active

Energy Project

Hydrogen Energy Kern County, 408 4,28 10% 2.6 Active

California CA

Project

Petra Nova Thompsons, 167 1,000 17% 1.4 Active

Energy Project TX

AEP New Haven, 334 668 50% 1.5 Withdrawn

Mountaineer WV July 2011

Project

Southern Mobile, AL 295 665 44% 1 Withdrawn

Company February

Project 2010

Basin Electric Beulah, ND 100 387 26% 0.9 Withdrawn

Power Project December

2010

Total 1,754 8,475 21.0% 9.6

Total, Active 1,025 6,755 15.2% 6.2

Projects 2

Sources: DOE Fossil Energy Techline; Environment News Service (March 12, 28pd)www.ens
newswire.comgnsmar2010201603-12-093.htm] National Energy Technology Laboratory (NETL) Clean Coal
Power Initiative (CCPI) websitéttp://www.netl.doegovtechnologiestoalpowertctcicepiindex.htmj NETL
Factsheet: Summit Texas Clean Energy, LLC, November d@p4/www.netl.doe.gavesearchéoalimajor-
demonstrationstleancoatpower-initiativecpisummit NETL Factsheet Hydrogen Energy California Project,

67U.S. De@rtment of EnergyDetailed Budget Justifications FY2QMlume 7 Fossil Energy Research and
Development, p. 35ttp://www.cfo.doe.goWudgetl ObudgetContent¥/olumesVolume7.pdf

68 DOE 2010CCS Roadmayp. 15.
69 The first solicitation closing date was January 20, 2009; the second solicitation closing date was August 24, 20009.

Thus the first set of project proposals were submitted prior to enactment of the Recovery Act. See
http://www.fossil.energy.goptogramgpowersystemsleancoal/
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November 2014 http://www.netl.doe.govesearchéoalimajor-demonstrationstleancoalpower-initiativetcpk
heca NETL Factsheet Petra Nova Parish Holdi'ysA. Parish Post Combustion C{OCapture and
Sequestration Project, November 201attp://www.netl.doe.govesearchéoalimajor-demonstationstleancoat
power-initiativeEcpipetranova

Notes: DOE funding for the Petra Nova (formerly NRG) Energy Project was initially announced as up to $154
million (see March 9, 2009, DOE Techlimtp://www.fossil.energy.gavéwstechlines201010005
NRG_Energy_Selected_to_Receive_ DOE.HtrAl May 2010 DOE fact sheet indicated that funding was $167
million (ttp://www.netl.doe.goyublicationdactsheetgiroject/FE0003311.pfA November 2014 DOE fact

sheet noted that the scale of the project was increased to $1.0 billion because the original &@attggyoject

was too small to produce enough CQor significant enhanced oil production from G@jection.

a. Totalsinclude amounts that were reallocated from withdrawn projects to active projects.

b. According to NETL, this amount would be a maximum amauert year. About 1.74 million metric tons
would be stored geologically annually; the remaining amount of capturedv@0ld be used for urea
production.

ZSe"—oele >l 'e'e>S Selery"—1e'71 1 >"e>S—

Commercial sector partnefrer iwietnhdrfawidn @ faruamb etrh e
program, including finances, wuncertainty regardi
the future mnational c¢climate policy.

6RXWKHUQ &8ROIV % DBHUDZBWRWSHFW hern Company withdr
Al abamaarRRlyaproject from the CCPI program on Feb:
t wo months after DOE Secretary Chu a®gsennced $2¢
$§665 million project trhialtl iwoflQOpe hsa ywed clathdt ame d u
megawodfifred genAratoiradn nignitto. s ome s durdceecsi,s iSoonut h
was based on sgsbne coofmptalmerwete dtelde Copmpmiotxmemmatt el y $ 35
mi | Jtioont he pirtogjeed tf,ora nmdor e et idmel itgoe npceer foonr m tdu f i n
commitment, amélgudbhben €empany.continues work o
project thaGCQOQfwournne ghypamtr eRhant Barry.

%DVLQ (OHFWOPQWRBRRISH IDHIOBABWRWIHFW ul 3009, Secretary
Chu announced $100 million in DOE funding for a
milliof€Opens yefir mtgamd#wltqdudival ent gas stream fr
Antel ope Valley powedl ns tDetciec@uh b®e dBra sBenu IEd le,c t ND.c |
Cooperative withdrew its project from the CCPI 7
regar t © Q,c aupntcuerritragi en t gsr ccjloesattt ( one source 1indicat
company estimatedt$5 00 Emielsltii amast e@DEPFRSTo mi 1 1 i on
uncertainty of environmehéeam tagig) asiumittreygndf do

project would hCGOGteo saunp pelxiiesdt itnhge fclhppetluirneed t h a

- =+ 5 o~

The

OMIT Carbon Capture & Sequestration Technologidant Barry Fact Sheet: Carbon Dioxide Capture and Storage
Project http://sequestration.mit.edablsprojectsplant_barry.html
" bid.

72U.S. DOE, Fossil Energy TechlinBecretary Chu Announces Two New Projects to Reduce Emissions from Coal
Plants July 1, 2009http://www.fossil.energy.gomewstechlines200909043DOE_Announces_CCPI_Projects.html

“Lauren Donovan, “Basin Sheel vPersoBjigmargkn]iibungDesemifei 17,2010,Car bon Ca p
http://bismarcktribune.coméwslocal/a5fb7ed80alb11eGb0ea001cc4c03286.html

“Daryl Hill and Tracie Bettenhausen, “Fresh Tech, Difficul:
Technology,” Basin Electric -Aehruary 20110tp:6wwe.basinelectrie.com/e ws 1 et t er |,

Miscellaneougidf/FeatureArticlestresh_Tech,_difficul.pdf
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from the Great Plains Synfuels Plang WeyburBeul atl
field approximately 200 miles mnorth in Saskatche

$PHULFDQ (OHRVWBKXRK W/RZIKWHHHID ZBWRWI HFW v 2011 American
Electri{ AEPdweded to halt i1its plans megbwatld a ca

generation unit at 1its 1.3 gigawdlthte Mowygtexitneer
represented Phase 2 . Sdcrmamt ompoGhyey KPP le prrloijjerc tan
million award for t heAprcoojredcitn gont oDescoemmeb esto udr,c €250, (
the projehe bevmmpomddayg cert aiunl atthoarts swtaotled eracbgl e w t he
additional costs for the CCS projedtn tahirdd u gl nr, at
company officials cited broader economic and pol

proj’Seme ¢ onnse nstuagtgoe st ed that congre&HGonal inac
e mi s saiso nwse 1 1 as t,meywhakeedomomyshed the incentd:i
AEP to in®Osd¢ dauCE€S. Phmasleu e dhatshadbteen cancelled
cldtme pbH1icy.

Z0e'Zeee’ —el"e]l 7—e'—ele">1] 1

According to DOE, $140 million of the $295 milli
Company Plant Badiryt piheytdedk atwa €1l ean Ener gy proj e
Hydrogen Ener gy (@OE fpardodvii adichpdnneg ,e €ruens ul t i ng i n ea
receaniagditional i$ils0iOt imd’ll Ha vome dazbiowieng funding f
canceled Plant Barry project (up to $154 millior
Texaw {he Petra NosvealDE®Q¥#r gy Project;

According t os ecal eDOEi asmoiuarfckt,het Bi ¢ Poweraproject w
cooperative agreememOBFvamnsd sn etvleart awearred etdo bbye obl i
Basin projechabemkdltilbendt £dr ovi,t hbiunt twheer ed erpeasrcti meds
Congress inopi28tdilonpp

Some of the funding for the AEP Mountaineer pro]j
appropriatiRPBnk.-1TH.d2kd attheonr  Podt-7dcl€omgareygsng
rescinded a tot alyeoafr $bla8l7a nnrielsl iforno no ft hper i Foors s i 1 E
Devel opme®Thacrouanitssion dspdewotbuasppyl p ptps opmo at

75U.S. DOE, Fossil Energy Techlin8gcretary Chu Announces Bilion Investment for Carbon Capture and
SequestrationDecember 4, 200%ittp://www.fossil.energy.gomewstechlines200909081
Secretary_Chu_Announces_CCS_Invest.html

76 Matthew L. Wald and Johef. Br oder, “Utility Shel vdewYarbimeslilwld,s Pl an t o
2011, http://mww.nytimes.con201107/14busines®nergyenvironmentitility -shelvesplanto-capturecarbon
dioxide.html? r=1.

"™ichael G. Morris, chairman of AEP, quoted in Matthew L.
Pl an t o L iTheNew Yok Titmgduy,13, 2011.

78Wald and BroderNew York TimesJuly 13, 2011.

" MIT Carbon Capture & Sequestration TechnologhSP Mountaineer Fact Sheet: Carbon Dioxide Capture and
Storage Projecthttp://sequestration.mit.edablsprojectsaep_alstom_mountaineer.html

80 Telephone conversation with Joseph Giove, DOE Office of Fossil Energy, March 19, 2012.

8. S. DOE Fossil Energy Techline,l “Srcfiet aNRGCEhmenrAgnounCearst
Capture and Storage Pr dtpdwww.fossil.enfigy.gomewstéchlings201040009 , 201 0,
NRG_Energy_Selected_to_Receive_DOE.html

82 Telephone conversation with Joseph Giove, DOE Office of Fossil Enpgy,11, 2011.
83U.S. Congress, House Committee on Appropriations, Subcommittee on Military Construction, Veterans Affairs, and
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P.L.-551hdwever, funding for the AEPtMountaineer
Recoveamwd Awdt spent was amegt mownednatde talvai Tramdd surtty
prog¥ am.

Industrial Carbon Capture and Storage Projec

Therigi nlaCCPOpEkwa gr aamvi ded into two main areas: A
i ndustrial demonstration projtects ;i nmmd aArievae 2,0 nc
or the benGAEdUmnideelr rAewsae laf t he first phase of t
r oj ecethsarccads twi th private industry, intended to
echnologies andPhageesdtpabjectprajvectaged appr o:
n duration. Following Phase 1, DOE selected thr
p8%Trhaet itomr,.e e Phase 2 prajectismenstiansied pso
The total share of DOE fun
million, or appteki hnetel ¥

Toe>=

ding for the thre
paddhgodmthoes s umft §

Area 2, the initial phase consisted of $17
on-siec tprri faatnading for 12 projects to engage
i ci@Q®¥Irne uJsuel yof2010, DOE selected six projec
second phase of fundiGQ@i nttoo fuisnedf uwa ypsr oodfu cctc
, plastics, cement , andnfiewtatl vzer. The s
s/ B¥nnéeOdEQH BHe Utseet al share of DOE funding
d by the Reowamyery Agptp,r oixsi mhaltdell.yS 7nmi% loif t
mil lion.
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riginal conception, the DOE ICCS pr og
unded under the Recovery®Antitso acce
2 projects, DOE groups -Stchaclne iTnetsot ifnogur
Gasification -Mechnwmdogites ;LdR9r Admian
i
s

oj ec
sd fi n
Adv
om I aClo ntbouusrt ¢iCeasp;t G(3e) wPiotshtnkkn ese asmnad Ef fi
a ts; and (4) G&bthegiot8toshgeeSofeDC(
n t he 2 hReepcroovjeercyt sAc tp,r oivsi d$%5d9 4b.y9 mi 1 11 o

f sum total cost of $765.2 million.

cre
ndi
% o

er al Il, sthhaer et ootfa federal funding for all the 1IC
proximately 70% of the sum total cost of $2.0°7:

mA~aN-o
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Related Agenciedilitary Construction and Veterans Affairs and Related Agencies Appropriations Act, 2012
conference report to accompayR. 2055 112" Cong., # sess., December 15, 20H.Rept. 112331 (Washington:
GPO, 2011), p. 851.

84 Telephone conversation with Joseph Giove, DOE Office of Fossil Energy, March 19, 2012.
85 Email from Regis K. Conrad, Diremt, Division of CrossCutting Research, DOE, March 20, 2012.

86 U.S. DOE, National Energy Technology Laboratdngustrial Carbon Capture and Storage (ICCS): Arga 1
http://www.netl.doe.govésearctdoalimajordemonstrationgidustriatcarboncaptureand storage

87U.S. DOE,Recovery Act, Innovative Concepts for Beneficial Reuse of Carbon Dibttjatéenergy.gové/
innovativeconceptsbeneficiatreusecarbondioxide-0.

88 Email from Regis K. Conrad, Director, Division of CreSstting Research, DOE, March 20, 2012.

89U.S. DOE, Carbon Capture and Stoe from Industrial Sources, Industrial Carbon Capture Project Selections,
http://fossil.energy.govécoveryprojectsiccs_projects_0907101.pdf
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Table 3. DOE Industrial Carbon Capture and Storage (ICCS) Projects

(showing DOE share dfinding and total project cost)

DOE Share Total Project Percent
ICCS Project of Funding Cost DOE
Name Location Type of Project ($ millions) ($ millions) Share
Air Products & Port Arthur, LargeScale 284 431 66%
Chemicals, Inc. TX Demonstration
Archer Daniels Decatur, IL LargeScale 141 208 68%
Midland Co. Demonstration
Leucadia Energy Lake Charles, LargeScale 261 436 60%
LLC LA Demonstration
Alcoa, Inc. Alcoa Center, Innovative 135 16.9 80%
PA Concepts/Beneficial
Use
Novomer, Inc. Ithaca, NY Innovative 20.5 25.6 80%
Concepts/Beneficial
Use
Touchstone Triadelphia, PA Innovative 6.7 8.4 80%
Research Lab, Concepts/Beneficial
Ltd. Use
Phycal, LLC Highland Innovative 51.4 65 80%
Heights, OH Concepts/Beneficial
Use
Skyonic Corp. Austin, TX Innovative 28 39.6 70%
Concepts/Beneficial
Use
Calera Corp. Los Gatos, CA Innovative 21.4 42.7 50%
Concepts/Beneficial
Use
Air Products & Allentown, PA  Advanced Gasification 71.7 75 96%
Chemicals, Inc. Technologies
Eltron Research Boulder, CO Advanced Gasification 71.4 73.7 97%
& Development, Technologies
Inc.
Research Research Advanced Gasification 168.8 174 97%
Triangle Institute Triangle Park, Technologies
NC
GE Energy Schenectady, Advanced Turbe 31.3 62.6 50%
NY Machinery
Siemens Energy Orlando, FL Advanced Turbe 323 64.7 50%
Machinery
Clean Energy Rancho Advanced Turbe 30 42.9 70%
Systems, Inc. Cordova, CA Machinery
Ramgen Power Bellevue, WA  Advanced Turbe 50 79.7 63%
Systems Machinery
ADA-ES, Inc. Littleton, CO PostCombustion 15 18.8 80%
Capture
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DOE Share Total Project Percent
ICCS Project of Funding Cost DOE
Name Location Type of Project (% millions) ($ millions) Share
Alstom Power Windsor, CT PostCombustion 10 12.5 80%
Capture
Membrane Menlo Park, PostCombustion 15 18.8 80%
Technology & CA Capture
Research, Inc.
Praxair Tonawanda, PostCombustion 35 55.6 63%
NY Capture
Siemens Energy, Pittsburgh, PA  PostCombustion 15 18.8 80%
Inc. Capture
Board of Champaign, IL  Geologic Site 5 6.5 7%
Trustees U. of IL Characterization
N. American Greenwood Geologic Site 5 7.85 64%
Power Group, Village, CO Characterization
Ltd.
Sandia Houston, TX Geologic Site 4.38 5.63 78%
Technologies, Characterization
LLC
S. Carolina Columbia, SC  Geologic Site 5 6.25 80%
Research Characterization
Foundation
Terralog Arcadia, CA Geologic Site 5 6.25 80%
Technologies Characterization
USA, Inc.
U. of Alabama Tuscaloosa, AL Geologic Site 5 10.8 46%
Characterization
U. of Kansas Lawrence, KS  Geologic Site 5 6.29 80%
Center for Characterization
Research, Inc.
U. of Texas at Austin, TX Geologic Site 5 6.25 80%
Austin Characterization
U. of Utah Salt Lake City, GeologicSite 5 7.23 69%
uT Characterization
U. of Wyoming  Laramie, WY Geologic Site 5 5 100%
Characterization
Totals 1,422.4 2,038.4 70%

Source: Emails from Regis K. Conrad, Director, Division of Crg3stting Research, DOE, March 20 and March
27, 2012; U.S. DOE, National Energy Technology Laboraldayor Demonstrations, Industrial Capture and Storage
(ICCS): Area littp://energy.gové/articleshew-recoveryactfundingboostsindustrialcarboncaptureand U.S.

DOE, Carbon Capture and Storage from Industrial Sources, Industrial Carbon Capture Project Selections,
http://fossil.energy.gawcoveryprojectsiccs_projects_0907101.pdf

Notes: Table is ordered from top to bottom by type of project:argeScale Demonstratigrinnovative
Concepts/Beneficial UsAdvanced Gasification Technologi@slvanced TurbeMachinery PostCombustion
Capture andGeologic Site Characterizatiofiotals may not add due to rounding.

Congressional Research Service 21



Carbon Capture and Sequestration: Research, Development, and Demonstration at DOE

Geologic Se/qghitecs®DDdtEI&Ihor t he
Last Step in CCS

DOEl laocated $112 million in FY2O0T12, $107 million
million in FY2015, and is requesting $109 millic
storage ac/tDIEEOBt ilens .co(nSeeast with the carbon capt
received nearly all of the $3.4 Dbillion from Rec
storage acetdi vaiptpireosx irneacteeilvy $50 million in Recove
were awarded for 10 projects to conduct site cha
f oCrQs t ora ge .

Brief Mifst DOEy Geol ogical Sequestration

DOE has devoted the bulk of its funding for geol
ef fortng efckni mtgo CsOwgbesodrofgacceal reser voirs. Injectio

step in the CCS @Qcoacpetsusr, e Cf@dtlrelapm waimmdg tt s ¢ e p . One p:
RD&D effort is characterizing geologic reservoir
Recovery Act funds, as noted above); however, t h
characterizati ont,hea nbde ghiansn innogw -orfelatChfdge ap heacstei oonf 1 a
demonstration projects across -wohleu meo utnetsrtys aArce or
needed t o -tvearlm dsattoer algoen gi n a variety of different
deposemvom@oahment s, including deep saline reser v
permeability reservoirThecdvamlt gsmeca mse,s tssh aclaen, baen d&
injection experiments conducteyd latmial [&&mmetrocnisa lo
injected per year) that should provide crucial i
reservoirs; monitoring, verQ frcakianseanthenatcpnrt
lohgrm injectand anbdestoragecal challenges.

In 2003 DOE created seven regional carbon seques
consortia of public and private sector organizat
United States %hhdepgraphdé €Ceprndaentation was 1ir
regional differences in fossilCOsuelPThsee and geol
RCSPs cover 43 states and 4 Canadian provinces @
to the DPOEg2O0.17TDEQSHh ows the seven partnerships, t
each, and the stat®Sse verdatpitsdamigmnéees mbnel attiad. one

9 The total DOE share for the 10 projects is $49.4 million. Tadxe 3.
91 DOE 2010CCS Roadmam. .

92 Four Canadian provinces are partners with D@Ewvo of the regional partnerships, and are members with other
participating organizations that are contributing funding and other support to the partnerships.

93 DOE National Energy Technology Laboratory, Carbon Sequestration Regional Carbon Sequestratéships,
http://www.netl.doe.goéchnologiesfarbon_sedfrastructurefcsp.html

% n its FY2016 budget justification, DOE renamed the RCSPs subactiviSttiage Infrastructure subactivity. See
U.S. Department of Energy, FY2016 Congressional Budget Request, voltroes8,Energy Research and
Developmentp. 572.
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Table 4. Regional Carbon Sequestration Partnerships

Regional Carbon

Sequestration Partnership States and Provinces in the

(RCSP) Lead Organization Partnership

Big Sky Carbon Sequestration  Montana State Universiigozeman MT, WY, ID, SD, eastern WA,

Partnershipg(BSCSP) eastern OR

Midwest Geological lllinois State Geological Survey IL, IN, KY

Sequestration Consortium

(MGSC)

Midwest Regional Carbon Battelle Memorialnstitute IN, KY, MD, MI, NJ, NY, OH, PA,

Sequestration Partnership WV,

(MRCSP)

Plains CQ Reduction University of North Dakota Energy ~ MT, northeast WY, ND, SD, NE,

Partnership (PCOR) and Environmental Research Cente MN, IA, MO, WI, Manitoba, Alberta,
Saskatchewan, British Columbia
(Carmada)

Southeast Regional Carbon Southern States Energy Board AL, AS, FL, GA, LA, MS, NC, SC,

Sequestration Partnership TN, TX, VA, portions of KY and WV

(SECARB)

Southwest Regional Partnership New Mexico Institute of Miningrad AZ, CO, OK, NM, UT, KS, NV, TX,

on Carbon Sequestration (SWP) Technology WY

West Coast Regional Carbon California Energy Commission AK, AZ, CA, HI, OR, NV, WA,

Sequestration Partnership British Columbia (Canada)

(WESTCARB)

Source: DOE National Energy Technology LaboratoBarbon Sequestration Regional Carbon Sequestration
Partnershiphttp://www.netl.doe.goveésearch¢oaltarbonstoragetarbonstorageinfrastructure

ThRCSPs have pursued their objectives through th

(IOharacterization Phase (2003 to& 2®Q@%n,tiad ifmirt
geological €6&,qu(ex)t rVatliiodna toifon Phaaske¢l2DOB foeldl
tests (less th@n to0M,ev@®0d otpoms beftter understandi
formations would handd@ lamrdg o 33 mdDewtesl opfmeinrnt j ePchtae
2018 and beyond), 1injmctaGt o fessitnsu loaft-sex tac lokmenaesrtc i la
quantitieGQ 9?)Tfhelnljaescttepdhase is intended also to c
understand the regulatory, economic, liability,
commer ci aeln td eopfl oCyCnS .

There are RD&D activities funded by DOE under it
pr ogr am oatchteirv itthiaens t lge oROER s als scmomeg ¢ or ¢ mlgnol og
verificatsementandcas baommd uvoHeohwaernse. r, e whee RCSPs
allocated apppobDxamanvel yspébnding on ciambon seques
FY2015, and comprised 58% of thafThecpB@ivAESsdei n t he
the framework and infirfaDOFEugttwd o gfier s qwiedd rad i i
acti.vities

9 DOE National Energy Technology Laboratory, Carbon Sequestration Regional Carbon Seouésraterships,
http://www.netl.doe.govésearctdoaltarbonrstoragetarbonrstorageinfrastructure
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Currentadda€lmall enges to Carbon

The thiriDé vepll opiesencturrently under way cfdol@e al l
injection has begun for *The PECARBpmsdctaMES&spr dF
injection projects acalergaabby zhptutre Wdlkeeamohastg
discussed/DhBbQokv eThesyeeare needed to unG@®rstand
underground wheal eommeumdsalare injected in
reservoirs as would be used 1if CCS were depl oyec
In additionodinhg thdetsthni cCaOlu ndlea Iglreomgeds wtid hsotudr i
over hundreds of years, DOE also expects

better understanding of regulatory, ti-ability,
scal &T@GES.e nontechnical issues are not trivial
widespread deployment of CCS e v@@s aiffe Ityh ea ntde cihnn i ¢
perpetuity are resolved. Foorkxdmpl enana geoamplt htee
undergroundQhngeabtobeenh devel oped in the Unitec
promul gated a rule under the authority of

class of injection weunds Iumjdeecrt itohne (coxnitsrtoiln gP rUongdre
of wells (Class VI) establishes ClOatnidompalotreedquinrge
underground sources oefadednbungowet éemn. pERAosing
that CQGSurcaimm oac safe and effectivecmden€€CSi noord
move f®¥rward.

The devel opment of the regulatiBsomrnufdonrCltays anVdlery
SDWA is limited to protectinguundorgr awnd asdadurase
maj or 1issues. Some-tef mt he adbiidCs yudgul b ban g f
potential emissions to GQpl mmenomipgreartee s lungdielr g rsos
state boundariedg,s prfi vwherpr ofentthy s@@HK ace
plume, and ownership of the subsuPBaczusesaefi voir
these 1issues and others, there are s ome 1

be dlelmge.sthtel angection tests may help identi
community concerns over CCS, and help guide
towards strategies leading to tbwewedespheagedert
public is largely unfamiliar with the details
resofved.

9 For details on the two larggcale injection exp@nents by SECARB, segttp://www.secarbon.orgfor details on
the largescale injection experiment by MGSC, $gtp://sequestration.org/

97 DOE National Energy Technology LaboratoBarbon Sequestration Regional Partnership Development Phase
(Phase Ill) Projectshttp://www.netl.doe.gov¥échnologieslarbon_sedffrastructurefcspiii.html

98 For more information on the EPA Class VI wells in particular, and the Safe Drinking Water Act generdliRSee
Report RL34201Safe Drinkhg Water Act (SDWA): Selected Regulatory and Legislative |9syidéary Tiemann.

99 For a discussion of several of these legal issuesR&Report RL34307,egal Issues Associatedth the
Development of Carbon Dioxide Sequestration Technolmgdam Vann and Paul W. Parfomak

100 For more information on the different issues regarding community acceptance of CC8S8eport RL34601,
Community Acceptance of Carbon Capture and Sequestration Infrastructure: Siting ChallgnBeasll W. Parfomak.
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Outl ook

Testimony from Scott Klara of the National Ener.g
metric for the GGSc cRelx&D opfr otghrea nf,e dnearmaell y, whet her

deployed in the commercial marketplace:

The success of the Clean Coal Program will ultimately be judged by the extent to which
emerging technologies get deployed in domestic and international mackstmth technical

and financial challenges associated with the depl oy

must be overcome in order to be capable of achieving success in the marketplace. Commercial
scale demonstrations help the industry understardl @avercome startup issues, address
component integration issues, and gain the early learning commercial experience necessary to
reduce risk and secure private financing and investment for future flants.

To date, there are noi codmStratad tkat uc@pt ume t hte
large quCO(tei.tgi.e,;s lofmi 1 1 i on tons per year or mor e
sequestration. The Kemper County Energy project
maj or iet yi nojfeostiht 8 €©6© for purposes of enhanced oil
Project in Canada, which beganscpdratpooes iphadtol
CCS in operation in the world. Boautmdar melRarhyal s c
oilfield for enhanced oil recovery.
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In addition to the 1issues and programs discussec
demonstration and deployment of CCS in the Unite
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the shale, are referred to as produced water. Pr
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101 Testimony of Scott Klara, Deputy Laboratory Director, National Energy Technology Laboratory, U.S. Department
of Energy, in U.S. Congress, Senate Energy and Natural Resources Con@aitbes Capture and Sequestration
Legislation hearing to receive testimony on carbon capture and sequestration legislation, irfglu&88gndS. 757

112" Cong., F'sess., May 12, 2011, S.Hrg. 122.

102 5ee, for exampleZRS Report R4383&umaninduced Earthquakes from De#jgell Injection: A Brief Overview
by Peter Folger and Mary Tiemann
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